Abstract. 2014 Strain measurements were performed by convergent-beam electron diffraction on both plan-view sample and cross-sections of silicon wafers, boron implanted at liquid nitrogen temperature. In the plan-view specimens, the strain value measured in the boron-doped layer agrees with previous X-ray double 
Introduction.
Among the experimental techniques available for the structural characterisation of electronic materials, transmission electron microscopy (TEM) is particularly potent, as it allows a variety of spectroscopic, imaging and diffraction information to be obtained from a single microarea of the sample. 1YPical problems solvable by TEM are: type, density and depth distribution of defects, detection of second phases, microchemical analyses etc.. Moreover, since 1977 [1] , convergent beam electron diffraction (CBED) has extended the spectrum of structural information available from TEM analyses to the study of strain in the range of 10-4 -10-3, the sensitivity of this technique being one order of magnitude higher than that of conventional selected area diffraction.
Recently, CBED has found an increasing number of applications for electronic materials thanks to the increasing interest in understanding the accommodation of misfit strains during the epitaxial growth processes, and due to the dependence of electron band structure on strain. In semiconductor heterostructures and superlattice technology, where "strain engineering" has provided a mean of controlling electrical properties, CBED techniques have been applied to the study of strains or rigid shifts across the epitaxial interfaces [2] [3] [4] [5] .
Similarly, the capabilities of CBED techniques in detecting and measuring strain fields are also of potential interest in ion implanted materials, although, to the best of our knowledge, no work has yet been reported on this subject. In fact, it is known that, in these specimens, the implanted dopant atoms, which are located in substitutional sites after annealing, produce a strain field generated by the difference in tetrahedral radius between themselves and the host silicon atoms [6] . This strain, which is, respectively, compressive for oversized and tensile for undersized dopants, is strongly anisotropic because of the small thickness of the implanted layers with respect to that of the silicon wafers. It can be described by the so-called tetragonal strain, eT, if the deformation values do not exceed the critical stress for generation of misfit dislocations. The tetragonal strain is defined as the ratio of the lattice parameter variation perpendicular to the surface to the unstrained lattice constant in the plane parallel to the surface of the wafer. It is equal to the natural mismatch, f, multiplied by a suitable factor equal to (1 + 03BD)/(1 -v) (here v is the Poisson ratio) according to the anisotropic elasticity theory [7] . DCD measurements were performed on the annealed samples only. The experimental set-up of DCD measurements is extensively described elsewhere [11] . 3 . The CBED (and LACBED) technique.
The methods of CBED strain measurements have been extensively reviewed by Humphreys et aL [12] and Cherns and Preston [13] and their application to the detection and measurements of the tetragonal strain will only be summarized here.
HOLZ [14] and Bithell and Stobbs [15] . These authors have shown that the above assumptions, although physically unrealistic, are nevertheless valid for comparison between materials with différences in mean atomic number lower than about 5 units. The transferability assumption should therefore be valid in our case as the différence in mean atomic number between Si(B) and Si is about 0.05 units, the boron concentration being lower than 0.6 atomic percent, which is the limit for boron precipitation in silicon during the solid phase epitaxial process [16] .
The Fig. 2 ) of the cross-sectioned samples. The diffraction patterns from points P2 and P3 behave differently with respect to the reference state (Fig. 4a) . In particular the segment ab in figure 4a is longer than that in figure 4b, but shorter than that of figure 4c. In order to obtain significant information about the strain values at points P2 and P3, we have performed kinematical simulations of HOLZ line patterns using the HL routine of the EMS program by RA. Stadelmann [19] . By comparing the computed diffraction patterns of figures 4d,e,f with the experimental ones it is possible to deduce that the point P2 has a positive strain. This compressive strain, generated by interstitial type defects, is difficult to measure because of the marked broadening of the HOLZ lines (probably due to the static disorder). It causes unacceptable un- that occurs in TEM samples, thinned perpendicular to the direction of lattice parameter variation [20] . However, the agreement with DCD is reasonably good if we assume, as a first approximation, that the strain in the thinned specimens has the isotropic "fully relaxed" value E' = (1 + z/)/ (see Thb. I; here v is assumed to be equal to 0.28 [21] 
